Abstract: Large migratory catibou {Rangifer tarandus) herds in the Arctic tend to be cyclic, and population trends ate mainly driven by changes in forage or weather events, not by predation. We estimated daily kill rate by wolves on adult caribou in winter, then constructed a time and space dependent model to estimate annual wolf (Canis lupus) predation rate (P annual) on adult Porcupine catibou. Our model adjusts predation seasonally depending on caribou distribution: Pannual = IKdaUy* W *Ap(2)*Dp.
Richardson Mountains and the eastern part of the Yukon Coastal Plain. The study area was bounded by the Blow and Bell Rivers to the West, the MacKenzie Delta to the East, the Rat River to the South, and the Arctic Coast to the North. The study area included two communities in the NWT, Aklavik (population 801) and Fort MacPherson (878, Statistics Canada 1996) .
We studied winter kill rate across 3 ecoregions (Oswald & Senyk, 1977) : the Northern Mountains, the Coastal Plain, and Berry Creek. We have paraphrased descriptions of physiography and vegetation from Oswald and Senyk (1977) 
Materials and methods
We used radiotelemetry techniques (Mech, 1974) We defined pack size as the mean number of wolves seen in the period (Messier, 1994; Dale et al, 1994; 1995; Hayes et al, 2000) . We defined kill rate as the number of caribou killed per wolf per day. The total biomass (kg) of caribou killed was used to measure consumption rates of wolves. Based on data from Skoog (1968) we estimated the live weights of adult caribou: male 107 kg, female 79 kg and unknown caribou 86 kg. We assumed the consumable biomass was 75% of caribou live weight (Ballard et al, 1987; 1997) .
Each day, we located six wolf packs (2-6 wolves)
once in the morning (9:00-12:00h). We located the Table 2) was twice as large as the average area described by the outer boundaries of satellite telemetry data (Ap /1000 km 2 ; Int. Porcupine Caribou Board 1993).
Results

Kill rate by wolves
We followed the daily activities of seven wolf packs for 17.1 ± 3.1 (standard error of the mean) days (Table 1) . Traveling pack size was 4.4 ± 1.4, ranging from 2 to 12 wolves per pack. We found 23
wolf-killed caribou and we examined 13 carcasses in situ. All were adults (8M, 5F). The mean age of killed caribou was 6.1 ± 0.7 years-old. The lowest kill rate was for wolves in the Rat River II pack (Table 1) which scavenged from many hunter kills in the area. After excluding this pack, we estimated the wolf kill rate was 0.08 ± 0.03 caribou per day per wolf; or 7.5 ± 2.7 kg of caribou killed per wolf per day. Wolves consumed 5.6 ± 2.0 kg caribou each day in winrer.
We did not find a difference in the number of kills seen for morning-only sightings of Blow River wolves compared to the combined morning and evening sightings (n = 9 kills, 0.36 caribou per pack per day). We conclude that twice daily locations did not improve our ability to detect kills made by study packs.
Predation rate by wolves
Based on a daily kill rate of 0.08 adulr caribou (Kjaiiy), our model projected that wolves killed 7600 adult caribou from the Porcupine herd each year. 
Discussion
Kill rate by wolves
The daily kill rate of our study wolves was similar to caribou-killing wolves in Alaska (0.08 caribou per wolf per day, Dale et al., 1994) and Northwest Territories (0.05 caribou, P. Clarkson, unpubl.), although our pack kill rates were more variable. We studied wolf kill rate in mainly small packs of 2-3 wolves (Table 1) . Hayes et al. (2000) found wolves in small packs had much wider variation in kill rate of moose compared to larger packs, which could also explain our caribou predation data.
The mean daily consumption rate was 4.9 kg of caribou per wolf, above the range of 1.7 to 4.0 kg 54 required for survival (Mech, 1977; Thurber & Peterson, 1993) and above the 3.2 kg required for reproduction (Mech, 1977 males. Using our 1992 wolf predation rate estimate of 5.8%, our model projects that wolves were responsible for about 1/3 of the adult mortality in the early 1990s.
According to Fancy et al. (1994) and Walsh et al.
(1995) the growth of the PCH is most sensitive to the survival rates of females three years and older, followed by production and survival rares of calves. Predation by wolves is an important factor limiting smaller caribou herds in Canada and Alaska (Gasaway et al, 1983; Bergerud & Elliot, 1986; Edmonds, 1988; Seip, 1992; Hayes & Gunson, 1995; Mech et al, 1998) . Current knowledge suggests wolf predation acts in a depensatory fashion (i.e., it increases as herd size declined) where caribou are secondary prey to wolves that rely primarily on moose. Wolf predation does not appear to be the main cause of population change for large migratory caribou herds in the arctic (Messier, 1995; Crete & Huot, 1993; Thomas, 1995) . Large migratory caribou herds tend to be cyclic, and previous population trends have been linked to changes in forage or weather events (Crete & Huot, 1993; Fancy et al, 1994; Messier, 1995) .
The low effect of predation by wolves is supported by the hypothesis of Bergerud (1974) , who has argued that the migratory behavior of caribou evolved as a predator-avoidance strategy. Bergerud (1992) believes that migratory caribou calve on small remote areas to 'space away' from predators.
By doing so, they can flood a large number of young in a small area where the per capita risk to being killed by any predator is lowest.
Our model does not estimate predation rate on calves, however, it does supports that 'spacing away'
is also an effective anti-predatory strategy of adult caribou (Bergerud, 1974; 1992; Thomas, 1995 
Data quality
Although our estimate of mean daily kill rate was similar to other studies, it was bounded by a wide standard error. This could be because the sample size of packs was small, or the kill rate was undetestimated for some packs due to terrain or weather constraints.
We acknowledge some shortcomings with our predation rate model. Although the model fits current indices of the PCH, components of the model need further validation. First, we assumed that Kda,iy in the summer period was the same as for winter.
Wolves are reported to surplus kill neonatal and adult caribou (Miller et al, 1983; 1988; C. Gardner, Alaska Dep. Fish and Game, pers. comm.) . The effecr of wolf predation rate on changing calf recruitment rates of the Porcupine herd remains unknown, and we did not include this important population process in our model.
Second, the estimates of the area that caribou occupy seasonally are based on radiotelemetry loca-56 tions. There is a declining gradient outward from these areas where low density caribou will still be available to wolves. We estimated caribou-available areas to be twice the areas described by caribou telemetry, but the area might be even larger.
However, we needed to increase the caribou avail- 
